Changes in physiological arousal frequently accompany cognitive performance. Many studies sought to identify the neural correlates of heightened arousal as indexed by skin conductance responses (SCR). However, the observed regional activations may be confounded by task events. We addressed this issue by recording SCR in 25 adults performing a stop signal task (SST) during functional magnetic resonance imaging. We compared only go trials with high and low SCR in order to isolate the event-independent processes. Furthermore, we distinguished go trials that followed another go, a stop success, or a stop error trial to examine whether the neural activities are contingent on the local context in which changes in SCR occurred. The results showed that the supplementary motor area responded to increased SCR irrespective of the preceding trial. The dorsal anterior cingulate cortex increased activation to heightened arousal most significantly in response to stop errors. The medial prefrontal cortex increased activation to SCR following a stop error but decreased activation following a go or stop success trial. These new findings specify the regional activations that accompany changes in physiological arousal during the SST and support distinct processes for the changes that occur under different local contexts. In particular, the MPFC shows opposing responses by increasing activation to changes in arousal evoked by salient stimuli and decreasing activation to the control of arousal.
Introduction
Skin conductance response (SCR), or electrodermal response, is a physiological index of arousal. Via sympathetic innervations of the sweat glands, heightened arousal increases skin conductance (Critchley, 2002; Naqvi and Bechara, 2006) . Skin conductance measurements comprise a tonic and phasic component, which differ on their recorded timescales (Figner and Murphy, 2010) . Tonic skin conductance, commonly measured by the skin conductance level (SCL), reflects the overall conductivity of the skin over a period of tens of seconds to minutes. The phasic component-SCR-represents a discrete fluctuation in skin conductance that lasts several seconds, as can be elicited by effort, environmental stimuli, and/or emotional responses. Many brain imaging studies measured skin conductance as an index of task-related arousal during cognitive performance (Table 1) . A wide array of brain regions alter activations to changes in skin conductance. However, it is not clear from most of these studies whether the observed cerebral activations were a response to changes in skin conductance or task specific events that evoked these changes. For instance, subjects showed greater activation in the anterior cingulate cortex (ACC), supplementary motor area (SMA), medial prefrontal cortex (MPFC), amygdala, and insula when viewing emotional as compared to neutral pictures (Williams et al., 2005) . Some of these regional activations were specific to each emotion and may represent responses to cognitive/affective processes in addition to changes in arousal.
The current study sought to address this issue by examining the neural processes of SCR that are independent of task events. An additional aim is to explore whether the neural correlates of SCR may differ between processes that vary in preceding events. To this end, we recorded skin conductance during fMRI of a stop signal task (SST), a behavioral paradigm widely used to study response inhibition and cognitive control (Zhang and Li, 2012a) . In the SST, participants typically slow down in go responses after encountering a stop trial (Li et al., 2008) . Furthermore, because of the conflicting need to respond quickly to the go signal and monitor for the stop signal at the same time, participants vary in go trial reaction time even when the antecedent trial is a go trial ).
These observations suggest that the SST is effortful and thus likely to evoke changes in arousal. Moreover, changes in arousal could occur for a post-stop go trial, in response to an instruction to stop. Such changes in arousal are elicited by salient stimuli. Changes in arousal could also occur for a post-go go trial as participants "struggle" about how fast they should respond. In the latter scenario, the changes in arousal appear to be internally driven rather than elicited by a stimulus.
Thus, by examining the neural correlates of SCR associated with the same events (i.e., go trials), we could isolate the cerebral correlates of SCR without the confounding influence of task events. By comparing SCR related regional activations during post-go and poststop go trials, we could distinguish the activations contingent on the local context.
Materials and methods

Subjects and behavioral tasks
Twenty-five adult healthy subjects (10 males, 19-52 years of age, all right-handed and using their right hand to respond) participated in this study. All subjects signed a written consent after details of the study were explained, in accordance to institute guidelines and procedures approved by the Yale Human Investigation Committee.
We employed a simple reaction time (RT) task in this stop-signal paradigm, as described in details in our previous studies Li et al., 2009) . Briefly, there were two trial types: "go" (~75%) and "stop" (~25%), randomly intermixed. A small dot appeared on the screen to engage attention at the beginning of a go trial. After a randomized time interval (fore-period) between 1 and 5 s, the dot turned into a circle, prompting the subjects to quickly press a button. The circle vanished at button press or after 1 s had elapsed, whichever came first, and the trial terminated. A premature button press prior to the appearance of the circle also terminated the trial. In a stop trial, an additional "X," the "stop" signal, appeared after the go signal and instructed the subjects to withhold button press. Likewise, a trial terminated at button press or after 1 s had elapsed. There was an inter-trial-interval of 8 s to allow adequate spacing between events of interest and identification of SCR associated with these events. The SSD started at 200 ms and varied from one stop trial to the next according to a staircase procedure, increasing and decreasing by 64 ms, each after a successful and failed stop trial (De Jong et al., 1990; Levitt, 1971) . With the staircase procedure, a "critical" SSD could be computed that represents the time delay required for the subject to succeed in half of the stop trials (Levitt, 1971) . Subjects were instructed to respond to the go signal quickly while keeping in mind that a stop signal could come up in a small number of trials. Prior to the fMRI study each subject had a practice session outside the scanner. Each subject completed six 10-min runs of the task. Depending on the actual stimulus timing (e.g., trials varied in fore-period duration) and speed of response, the total number of trials varied slightly across subjects in an experiment. With the staircase procedure we anticipated that the subjects would succeed in withholding their response in approximately half of the stop trials.
Skin conductance acquisition and analysis
With a Biopac MP150 system, skin conductance was continuously recorded during fMRI from the palmer surfaces of the index and middle fingers of the left hand. The biopac system used a AcqKnowledge 4.1 software (Biopac Systems, USA) and the Biopac electrodermal activity amplifier module (Galvanic Skin Response [GSR] 100c) set at a channel sampling rate of 31 Hz and a gain of 5 μSiemens (μS) per volt (resulting in a resolution of 0.0015 μS). Recording of skin conductance is synchronized with behavioral task and image acquisition. A smoothing function with a moving average of 500 ms was applied in order to eliminate high-frequency noise (Figner and Murphy, 2010) . Because all trials were longer than 10 s, we used 10-s window aligned with go signal onset to compute the SCR associated with each trial. Importantly, the window was aligned with go signal onset to emulate the regression models of hemodynamic responses (see below). Thus, the SCR of each trial was defined as the onset-to-peak amplitude difference in skin conductance in this 10-s window (Figner and Murphy, 2010; Gamer et al., 2007; Schiller et al., 2008; Spoormaker et al., 2011) .
Imaging protocol
Conventional T1-weighted spin echo sagittal anatomical images were acquired for slice localization using a 3T scanner (Siemens Trio). Anatomical images of the functional slice locations were next obtained with spin echo imaging in the axial plane parallel to the AC-PC line with TR= 300 ms, TE= 2.5 ms, bandwidth = 300 Hz/pixel, flip angle= 60°, field of view = 220 × 220 mm, matrix = 256 × 256, 32 slices with slice thickness = 4 mm and no gap. Functional, blood oxygenation leveldependent (BOLD) signals were then acquired with a single-shot gradient echo echoplanar imaging (EPI) sequence. Thirty-two axial slices parallel to the AC-PC line covering the whole brain were acquired with TR= 2000 ms, TE= 25 ms, bandwidth= 2004 Hz/pixel, flip angle= 85°, field of view = 220 × 220 mm, matrix= 64 × 64, 32 slices with slice thickness = 4 mm and no gap.
Imaging data preprocessing
Brain imaging data were preprocessed using Statistical Parametric Mapping version 8 (Wellcome Department of Imaging Neuroscience, University College London, U.K.). Images from the first five TRs at the beginning of each trial were discarded to enable the signal to achieve steady-state equilibrium between RF pulsing and relaxation. Images of each individual subject were first corrected for slice timing and realigned (motion corrected). A mean functional image volume was constructed for each subject for each run from the realigned image volumes. These mean images were normalized to an MNI (Montreal Neurological Institute) EPI template with affine registration followed by nonlinear transformation (Ashburner and Friston, 1999; Friston et al., 1995a) . The normalization parameters determined for the mean functional volume were then applied to the corresponding functional image volumes for each subject. Finally, images were smoothed with a Gaussian kernel of 8 mm at Full Width at Half Maximum.
Imaging data modeling
Four main types of trial outcome were first distinguished: go success (G), go error (F), stop success (SS), and stop error (SE) trial. Stop trials are more salient, because they appear infrequently, in contrast to go trials. A stop trial involves incongruent goals between the prepotency to respond and the motor intention to withhold the response, and is thus "high-conflict," compared to a go trial.
In order to eliminate condition (trial) related activity, we examined only the SCR of go success (G) trials. First, because approximately 75% of all trials were go trials, we would have adequate statistical power to observe differences in regional brain activations between G trials with high and low SCR. Second, we distinguished G trials by their preceding trial. Thus, G trials were divided into those that followed a G (pG), SS (pSS), or SE (pSE) trial. We hypothesized that neural responses to changes in SCR would differ between pG and pS (pSS and pSE combined) trials. Similarly, by comparing pSS and pSE trials, we expected to identify neural correlates of SCR that are specific to occurrence of errors.
We median-splitted pG, pSS or pSE trials into those with high (pGh, pSSh, and pSEh, respectively) and low (pGl, pSSl, and pSEl) SCRs in each session. A single statistical analytical design was constructed for individual subjects, using the general linear model (GLM) with the onsets of each of these trial types convolved with a canonical hemodynamic response function (HRF) and with the temporal derivative of the canonical HRF and entered as regressors in the model (Friston et al., 1995b) . Realignment parameters in all six dimensions were also entered in the model. Serial autocorrelation of the time series was corrected by a first-degree autoregressive or AR(1) model (Della-Maggiore et al., 2002; Friston et al., 2000) . The GLM estimated the component of variance that could be explained by each of the regressors.
In the first-level analysis, we constructed for each individual subject these contrasts: pGh > 0, pGl > 0, pSSh> 0, pSSl> 0, pSEh > 0, pSEl > 0, pSh (i.e., pSSh + pSEh)> 0, and pSl (i.e., pSSl+ pSEl) > 0. In the second-level random effects analysis, we used a 2 by 2 ANOVA model on contrast images of pGh > 0, pGl > 0, pSh> 0, and pSl > 0 to identify SCR related activations during pG (pGh > pGl) and pS (pSh > pSl) trials and to directly compare these neural correlates: (pGh > pGl) vs. (pSh > pSl). Similarly, in a second 2 by 2 ANOVA, we identified SCR related activations specific to pSS (pSSh> pSSl) and pSE (pSEh > pSEl) trials and compared these activations.
In region of interest (ROI) analysis, we used MarsBaR (http:// marsbar.sourceforge.net/) to derive for each individual subject the effect size of activity change for the ROIs. Functional ROIs were defined based on activated clusters from whole brain analysis. All voxel activations were presented in MNI coordinates.
Results
Behavioral performance and skin conductance responses
Behavioral results of the SST are listed in Table 2a . Participants succeeded in about half of the stop trials, indicating the success of the staircase procedure in tracking their performance.
Skin conductance responses during the SST are shown in Fig. 1b . Shortly after a trial onset, typically 1 to 3 s, skin conductance started to increase and reached the peak within 10 s. As described in the Methods, we quantified this change (SCR) by subtracting the amplitude at the baseline from the amplitude at the peak in a 10-second window after stimulus onset for each trial. Across all 25 subjects, G, SS, and SE trials showed significant differences in SCR (p = 0.003, one-way ANOVA), as did planned comparisons: SS vs. G (p = 0.01); Note: %go and %stop = percentage of successful go and stop trials; RT = reaction time; SSRT = stop-signal reaction time; SSD = stop signal delay; pGh (pGl) = post-go go trials with high (low) SCR; pSh (pSl) = post-stop go trials with high (low) SCR; pSSh (pSSl) = post-stop success go trials with high (low) SCR; pSEh (pSEl) = post-stop error go trials with high (low) SCR; all numbers are mean ± standard deviation.
SE vs. G (p = 0.0003); and SE vs. SS (p = 0.004), by two-sample t tests (Fig. 1c) . We examined the SCR of post-go go (pG), post-stop go (pS), poststop success go (pSS), and post-stop error go (pSE) trials. The SCR did not differ between pG and pS trials (p = 0.92, paired t test) or between pSS and pSE trials (p = 0.74). These latter results indicated that the SCR of go trials did not depend on whether they were preceded by a go, stop success, or stop error trials.
We separated pG, pS (pSS and pSE combined), pSS, and pSE trials according to a median split of the SCR (Table 2b and Fig. 1d ). As expected, significant differences in SCR were observed between high and low SCR trials each for pG, pS, pSS, and pSE (p = 0.0001, p = 0.0009, p = 0.0003, p = 0.006, respectively; paired t test). We observed that the RT did not differ between the high and low SCR trials for pG, pS (pSS and pSE combined), pSS, or pSE trials (p = 0.34, p = 0.91, p = 0.48, p = 0.61, respectively; paired t test; Table 2b ).
Across subjects, we correlated SCR of pG and pS, and their difference (pS − pG) with the mean of go RT, coefficient of variation in go RT, SSRT, and post-error slowing. The results showed that the difference in SCR, pS − pG, was negatively correlated with the coefficient of variation in go RT (uncorrected p b 0.03, R = −0.43, Pearson regression) at a trend level. Thus, a greater SCR elicited by stop as compared to go trials appear to be associated with less variability in go response time in the SST. None of the other correlations were significant (all ps > 0.1).
Arousal related brain activation during post-go go and post-stop go trials
We examined arousal related brain regions by comparing all (both pG and pS) trials with high SCR to those with low SCR. Significant (p b 0.05, FWE corrected) main effect of high as compared to low SCR was observed in anterior/middle cingulate gyrus, supplementary motor area and precuneus ( Fig. 2A and Table 3 ). In a separate comparison for pG trials, pGh trials showed greater (p b 0.05, FWE corrected) activations in supplementary motor area, precuneus, and cerebellum compared to pGl trials ( Fig. 2B and Table 3 ). And pSh trials showed greater (cluster level p b 0.05, FWE corrected) activations in anterior/middle cingulate gyrus, supplementary motor area, and primary motor cortex, compared to pSl trials ( Fig. 2C and Table 3 ). No brain areas showed greater activation in the low as compared to high SCR trials, for pG, pS, or pG and pS trials combined, even at an uncorrected threshold of p b 0.01. We contrasted the SCR related regional activations between pG and pS trials in an ANOVA and observed differences (pb 0.05, FWE) in the dorsal anterior cingulate cortex (dACC) in the interaction: (pSh> pSl) > (pGh > pGl), using small volume correction for a mask involving the anterior/middle cingulate gyrus as obtained in the main effect of pSh > pSl ( Fig. 2D and Table 3 ). This difference was significant at p b 0.001, uncorrected, without using small volume correction. Supplementary Fig. 1 showed the main effect of differences in regional activations for pG and pS trials.
Arousal related brain activation during post-stop success and post-stop error go trials
We further examined arousal related brain regions by comparing pSS and pSE trials with high and low SCR. pSSh in contrast to pSSl trials showed greater (cluster level p b 0.05, FWE corrected) activations in precuneus, cuneus, superior occipital gyrus, angular gyrus, inferior parietal lobule, and dorsolateral prefrontal gyrus (Fig. 3A and Table 4 ). And pSEh as compared to pSEl trials showed greater (cluster level p b 0.05, FWE corrected) activations in anterior/middle cingulate gyrus ( Fig. 3B and Table 4 ). Similarly, we contrasted the SCR related regional activations between pSE and pSS trials in an ANOVA and observed differences (p b 0.05, FWE) in medial prefrontal cortex (MPFC) in the interaction: (pSEh > pSEl) > (pSSh > pSSl), using small volume correction for the AAL medial prefrontal cortex mask (Tzourio-Mazoyer et al., 2002) (Fig. 3C and Table 4 ). This difference was significant at p b 0.001, uncorrected, without using small volume correction. We computed the effect size of pSEh, pSEl, pSSh, and pSSl for the MPFC to highlight the opposing pattern of responses to SCR in pSE and pSS trials (Fig. 3C) . In planned comparisons of the effect size of activations, MPFC responded to increased arousal during pSE trials (pSEh > pSEl, p = 0.004, paired t test), but to decreased arousal during pSS trials (pSSl > pSSh, p = 0.02, paired t test).
Figs. 4 and 5 show the effect size of pGh, pGl, pSSh, pSSl, pSEh, and pSEl trials for each of these regions of interest identified from the group analyses. To test the hypothesis whether self control of arousal during errors is related to post-error slowing (PES), we correlated across subjects the effect size of PES with the effect size of MPFC in (pSEh-pSEl)-(pSSh-pSSl). The results showed a negative correlation in Pearson regression: p b 0.04, r = − 0.40. Note that this is equivalent to a positive correlation between the effect size of PES and the reverse contrast: (pSSh-pSSl)-(pSEh-pSEl) (see section Discussion).
Discussion
Cerebral correlates of arousal during the stop signal task
Considering all go trials, heightened arousal as indexed by greater SCR is associated with increased activations of the dorsal anterior cingulate cortex (dACC), supplementary motor area (SMA), and precuneus. Because the trials under comparison are all go trials, and those with high and low SCR do not differ in RT, these regional brain activations appear specific to changes in SCR. When go trials are broken down according to their preceding trials, greater SCR during go trials preceded by another go (pG) is associated with activations of the SMA, precuneus, and cerebellum, but not dACC; in contrast, greater SCR during go trials preceded by a stop trial (pS) is associated with activations of the dACC and SMA, but not precuneus or cerebellum. Furthermore, a direct contrast showed greater activations of the dACC in association with arousal in pS as compared to pG trials. Because we are comparing both go trials that are indistinguishable in the difference (high vs. low) of SCR and RT, the observed differences in dACC activity reflect a correlate of SCR specific to what preceded these go trials. That is, dACC activations as associated with high arousal are elicited with an antecedent conflict. In contrast, the supplementary motor area (SMA) responded to an increase in arousal irrespective of what happened approximately 12 s before. These results suggest that the cerebral correlates of physiological arousal vary with the local context in which changes in arousal occurs. Fluctuations in SCR during pG trials are driven by participants' effort in negotiating between speed and accuracy. In contrast, changes in SCR during pS trials are in response to an antecedent conflict.
Regional activations during endogenous SCR
The dorsal precuneus and the posterior cerebellar vermis activate to increased SCR during pG but to a lesser extent during pS trials. Therefore, these areas appear to be specifically engaged during changes in skin conductance elicited spontaneously rather than by an external stimulus.
The finding of dorsal precuneus responding to increased SCR is seemingly inconsistent with precuneus as part of the default model network, which deactivates to mental effort (Raichle et al., 2001; Fox and Raichle, 2007) . Our recent study of connectivity mapping showed that only the ventral precuneus is within the default network (Zhang and Li, 2012b ; see also Buckner et al., 2008) . In contrast, dorsal precuneus is connected to brain regions in control of attention and visual spatial information processing. In particular, the dorsal precuneus appears to play a role in mediating behavioral engagement (Zhang and Li, 2010) . We observed that the fractional amplitude of low frequency fluctuation (fALFF) of the dorsal precuneus accounted for approximately 10% of the variance in prefrontal activations related to attentional monitoring and response inhibition in stop signal task. Thus, the current finding of greater activation in the dorsal precuneus during increased arousal provides additional evidence in support of its role in mental effort. Cerebellum was shown to alter activations to changes in arousal in a number of earlier studies (Critchley et al., 2000a; Gamer et al., 2007; Nagai et al., 2004; Patterson et al., 2002) . As part of the central autonomic network (Spyer, 1994 (Spyer, , 1999 , the posterior cerebellar vermis is involved in cardiovascular control (Critchley et al., 2000b; Ghelarducci et al., 1996; Harper et al., 1998; Nisimaru et al., 1998) and autonomic processes of emotional behaviors (Martner, 1975) . For instance, electrical microstimulation of the posterior cerebellar vermis evoked changes in cardiovascular responses in cats and rabbits (Bradley et al., 1987 (Bradley et al., , 1991 . Surgically removing this brain region early during development affected bradycardic responses in adult animals (Ghelarducci et al., 1996) . The finding that the cerebellar activation to SCR is more significant during pG than pS trials suggests its role in endogenous control of arousal.
Regional activations to stimulus-elicited increase in SCR
The dorsal anterior cingulate cortex (dACC) activates to increased SCR during post-go stop but not post-go go trials, suggesting that, in contrast to the cerebellar vermis and precuneus, it mediates changes in arousal following exposure to external stimuli. A relationship between dACC activity and autonomic bodily responses (e.g., skin conductance, heart rate, and blood pressure) has been highlighted in a series of neuroimaging studies. For instance, dACC activity correlated with blood pressure during motor exercise (Critchley et al., 2000b (Critchley et al., , 2001b , and predicted heart rate in reaction time (Critchley et al., 2005b) and working memory tasks (Critchley et al., 2003) . Activation of the dACC was related to arousal responses in subjects viewing emotional pictures (Milad et al., 2007; Williams et al., 2005) . Critchley et al. (2005a) quantified changes in arousal from changes in pupil size and found that dACC activity reflected both performance error and papillary responses in a Stroop task.
Thus, our findings confirmed the role of the dACC in the generation of autonomic arousal in response to cognitive and affective events (Critchley, 2005 (Critchley, , 2009 ) and as a shared central representation of arousal and attention (Critchley et al., 2001a) .
Medial prefrontal cortex and arousal
The medial prefrontal cortex (MPFC) showed greater activation to increased SCR during post-stop error than post-stop success trials, indicating its broad relevance in mediating error-elicited changes in arousal. The MPFC is consistently implicated in the regulation of arousal during decision making (Critchley et al., 2000a) , working memory Fig. 4 . Effect size of pGh, pGl, pSSh, pSSl, pSEh, and pSEl trials for each of the regions of interest (ROIs) that showed difference in activation between high (h) and low (l) SCR trials across all trials (SCRh > SCRl), pG trials (pGh > pGl), and pS trials (pSh > pSl). Vertical bars represent standard error of the mean. The insets showed the ROIs. (Patterson et al., 2002) , affective processing (Williams et al., 2001 (Williams et al., , 2005 , and biofeedback relaxation training (Nagai et al., 2004) . Patients with lesions in this brain region have deficits in generating electrodermal responses and showed a reduction in anticipatory arousal (Tranel and Damasio, 1994; Zahn et al., 1999) . Interestingly, while these patients do not show anticipatory arousal during a risky decision, they respond and increase skin conductance to physical stimuli such as loud noises (Bechara et al., 1996; Tranel, 2000; Zahn et al., 1999) . These findings suggest that MPFC is causally involved in endogenous or anticipatory regulation of arousal but not necessary for changes in arousal evoked by environmental stimuli. MPFC increases activation to arousing stimuli and engage in the self control of arousal by decreasing activation.
Notably, Nagai et al. (2004) observed a negative association between MPFC activity and skin conductance when participants engaged in control of arousal. While skin conductance covaried negatively during biofeedback that engaged participants' control of arousal (Nagai et al., 2004) , it correlated positively with activations of the MPFC in a decision-making task (Critchley et al., 2000a) . Similarly, our results showed activations of the MPFC in association with higher arousal during pSE trials but with lower arousal during pSS and pG trials (Fig. 5C ). This contrasting pattern of activities again indicates the importance of distinguishing the context in identifying the neural correlates of arousal. In particular, MPFC may alter activation in opposing directions to stimuli-evoked changes in arousal and endogenous control of arousal. The role of the MPFC in the endogenous control of arousal specifies a function of the MPFC akin to the default mode network (Fox and Raichle, 2007; Raichle et al., 2001 ). This finding perhaps also suggests that stop success and go success share neural processes in distinction to stop error trials. Participants are routinely cautious in responding during the SST and would commit an error when they deviate from this modus operandi at a time when a stop trial occurs.
Arousal and stop signal task performance including post-error slowing
Post-error slowing (PES) is generally considered to be a component process of cognitive control, in which an error signals greater control and prolongs reaction time in subsequent trials (Li et al., 2008) . On the other hand, studies have also provided evidence for an "orientation" account of PES (Nunez Castellar et al., 2010; Notebaert et al., 2009) . It is posited that PES occurs because errors alert and re-orient participants' attention away from resources dedicated to motor responses, thereby slowing down the response. In this scenario, one would expect heightened arousal or increased SCR in association with PES. For instance, an evoked potential study investigated the relationship between autonomic responses and the errorrelated positivity (Pe), a positive potential elicited by errors, in a twochoice reaction time task (Hajcak et al., 2003) . Errors were associated with greater SCRs and heart rate deceleration, and SCR was significantly correlated with post-error slowing. This latter finding needs to be reconciled with our results that the RT did not differ between post-stop error trials with high and low SCR. Furthermore, we Note: G-gyrus; h-high SCR group; l-low SCR group; SCR: mean ± standard deviation. observed a significant positive correlation across subjects between the extent of PES and the differences in MPFC activation to changes in SCR during pSS and pSE trials: (pSSh-pSSl)-(pSEh-pSEl) (see Fig. 5C ). Because this contrast effectively reflects how well one controls arousal elicited by an error, a positive correlation suggests that those who are better controllers of physiological responses demonstrate greater performance monitoring and behavioral adjustment following an error. These findings of inter-subject variation in arousal control are in direct contrast to an orientation account of PES.
Conclusion
Regional brain activations accompany task-related events and changes in physiological arousal in association with these events. By examining go trials of high and low SCR in the stop signal task, we demonstrate neural correlates that appear to be independent of task events (Table 5 ). These neural processes are distinct with respect to the local context in which changes in arousal occurs. In particular, the ventromedial prefrontal cortex alters activations in opposing directions depending on whether the preceding trial is a go or stop trial. These results suggest a potential role of the ventromedial prefrontal cortex in regulating arousal and may have implications for our understanding of the etiology of anxiety and mood disorders.
Supplementary data to this article can be found online at http:// dx.doi.org/10.1016/j.neuroimage.2012.05.036.
